Abstract. This paper investigates the factors that affect the surface roughness on a Platinum deposited wafer after reactive ion etching (RIE) using a combination of SF 6 and Argon gaseous. A total of three controllable process variables, with 8 sets of experiments were scrutinized using a systematically designed design of experiment (DOE). The three variables in the investigation are ICP power, Bias power, and working pressure. The estimate of the effect calculated for ICP power, Bias power, and working pressure are -4.9288, -6.2383, and -4.7223 respectively. All three factors gave negative effects. This implies that the surface roughness decreases when ICP power, Bias power, and working pressure is high. The Bias Power is the most influential factor followed by ICP Power, and working pressure.
Introduction
Wire bonding of Gold (Au) wires on aluminium bond pads is a common interconnection in semiconductor packaging [1] . The demand for lower cost and superior physical properties has driven copper (Cu) wires to substitute Au wires in recent years [2] . However, for the case of high-end applications which operates under extreme pressure and temperature, aluminium metallization cannot endure such temperature and thus deteriorates the electrical performance and reliability of the device [3] .
On the other hand, Platinum (Pt) is a stable noble metal oxidizing only under extreme conditions of temperature and pressure, also a very good conductor of electricity. This is the advantage of Platinum over aluminium as the metallization for high-end applications [4] .
However, in a work done by Knut Gottfried Thomas Gessner and Christian Kaufmann Thomas Gessner, the team's findings suggested that state that wire bonding with platinum is possible, however reproducibility count not be reached [5] . The study also states that the currently used materials and technological concepts often are not sufficient for temperatures far above 125°C. This article attempts at first, to reflect main problems of device metallization at high temperatures. Finally, two application specific interconnect and wiring concepts are briefly introduced, which are able to work at temperatures up to 400°C and up to 500°C, respectively. From the paper Platinum was chosen as the metal for the heater and TSR's because platinum is a metal which contain excellent thermal stability.
To the best of the author's knowledge, minimal researches have been done on the relationships of surface roughness using platinum as the metallization. Therefore, this paper scrutinized the correlation between the parameters in response to the quality of surface roughness of the etched Platinum metallization layer.
Methodology
Firstly, the test samples used in this study were prepared from blank wafers. The silicon wafer was first diced into smaller samples for experimental purpose. Consequently, cleaning process using Piranha solution was performed. Piranha was chosen because it is a strong oxidizer and has the ability to remove most organic matter especially oxide. Approximately 200 Angstrom thickness of Platinum was deposited onto the active side of the wafer by sputtering. After that, the samples were ready for etching process using Inductive Coupled Plasma-Reactive ion Etching or ICP-RIE.
Reactive Ion Etching (RIE) is a technique for removing material from the wafer surface with both a reactive chemical process and a physical process using ion bombardment. For the purpose of removing Platinum, two types of gaseous are used which are CF 4 +Argon and SF 6 +Argon. Pressure can affect plasma uniformity and cause the etch rate or the deposition rate across a wafer to change. Moreover, ion bombardment is a very important property of plasma.
A design matrix was designed using full factorial design of experiment (DOE) with three factors and one response. The set of experimental combinations systematically study the variables that influence the quality of the surface roughness. DOE enables quick perception of the process or system performance over a specified region of interest [6] . The parameter values for ICP Power are 400W at low level and 800W at high level. For Bias Power, 140W was applied at low level and 160W for high level. On the other hand, the values of working pressure are 0.5 and 1.5 for low and high level respectively.
A total of 8 experiments were carried out in this study. Varied values of ICP power, bias power and also working pressure were chosen as the experimental parameters while the response will be the surface roughness. The type of gaseous used which is SF 6 +Argon remained as constant. Next, the samples were analysed under the Atomic Force Microscopy (AFM) to measure the surface roughness. Figure 1 displayed the difference in surface roughness where in (a), the surface is rougher whereas in (b), the surface area is almost flat and the roughness is very low. The values of surface roughness were then recorded in a coded design matrix. In order to compute the main effects, it was necessary to construct the coded design matrix as shown in Table 1 . The main effect is calculated using the following equation [7] :
Results and Discussions
Main effect of a factors = average surface roughness at high level-average surface roughness at low level (1)
Applied Mechanics and Materials Vol. 487 The estimate of the effect calculated for ICP Power, Bias, and Pressure are -4.9288, -6.2383, and -4.7223 respectively. An effect is negative when the average surface roughness is high at a low level of the factor.The main effects plot was used to visually observe the effects. The importance of an effect depends on the slope of the line joining the average low and high levels of a certain factor. Higher gradient indicates that the factor is more influential. From the graphs in Figure 2 , all the variables gave similar slant where the surface roughness is high when a low level value of a factor is applied. The Bias Power has the steepest slope followed by ICP Power, and working pressure. The surface smoothness improves with increase in pressure but at the cost of anisotropy. Increasing in power results in anisotropic etch profiles, but with poor surface morphology. It is clearly visible that with increase in power, etched surface morphology degrades due to increased self DC bias which in turn increases ion energy and hence surface roughness. But the etch profile at high power tends to be more anisotropic due increased physical etching component.
Conclusion
This investigation evaluates the effects of different controllable process parameters on the surface roughness quality after Reactive Ion Etching (RIE) using SF 6 +Argon gaseous. All three factors gave negative effects. The Bias Power is the most influential factor followed by ICP Power, and working pressure This implies that the surface roughness decreases when ICP power, Bias power, and working pressure is high. The results obtained were analysed graphically to provide easy understanding on the relationship between the factors that affect the surface roughness in a Platinum deposited wafer.
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